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Roller Element for Hardcopy Apparatus 

FIELD OF THE INVENTION 

The present invention relates to a roller element for hardcopy apparatus such as a printer, 
and in particular to a roller or wheel, e.g. a pinch wheel, for engaging a media as it 
moves through the apparatus. 

BACKGROUND OF THE INVENTION 


A general problem in printers, and especially in large format printers, is controlling the 
^ paper expansion that occurs when a lot of ink is placed on some media (especially on low 

m cost paper based media). Under certain circumstances, this expansion ends up creating 

y bubbles in the print medium that make the printheads crash against the media (damaging 

'^15 the plot and eventually the print heads). 


In existing printers, the pinch wheels continuously engage the print media at the same 
locations in the direction of the scan axis, i.e. the direction in which the printhead moves 
during each printing pass. Thus the pinch wheels prevent the paper from expanding 
20 laterally, i.e. in the direction of the scan axis, to avoid the formation of the bubbles 
mentioned above. Accordingly, unwanted concentrations of ink are formed on the 
medium, which leads to a deterioration in print quality. 


The present invention seeks to overcome or reduce the above problem. 
SUMMARY OF THE INVENTION 


According to a first aspect of the present invention there is provided a roller element 
which is arranged to be rotatably mounted in a media-advancing device with its axis 
30 extending transversely of the direction of media advance such that the roller element 

engages a media at one or more locations along the direction of said axis, characterised 
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in that, as the media advances, said one or more locations of engagement move(s) 
continuously in the direction of said axis throughout at least a substantial part of each 
rotation of the roller element. 

The axial movement of the locations of engagement permits the desired local expansion 
of the paper while maintaining overall contact with the paper. 

In preferred embodiments the surface of the roller element has raised portions in the 
form of continuous bands around the roller element and inclined to the direction of media 
advance. This enables a continuous engagement of the raised portions with the media 
and avoids discontinuities. 

According to a second aspect of the present invention there is provided a roller element 
which is arranged to be mounted in a media-advancing device with its axis extending 
transversely of the direction of media advance such that the roller element engages a 
media along the direction of said axis, characterised in that the roller element comprises 
one or more rows of balls mounted for rotation in a holder. 

An advantage of the balls is that they can each rotate in the direction of media advance 
under normal conditions, but can rotate in a relatively inclined direction when lateral 
expansion of the paper is required. 

In a preferred embodiment the balls are mounted with a degree of play, so that a limited 
displacement can be combined with the lateral rotation. 

Thus it will be seen that for arrangements according to the present invention, if one 
imagines a line drawn on the roller element (i.e. on the raised portion of an element in 
accordance with the first aspect or on a ball of an element in accordance with the second 
aspect) connecting points where the roller element becomes disengaged from the media at 
successive movements in time, the line would be inclined to the direction of media 
advance. 
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In accordance with a third aspect of the present invention, there is provided a roller 
element which is arranged to be mounted in a media-advancing device with its axis 
extending transversely of the direction of media advance such that different parts of the 
5 surface of the roller element successively engage with and then disengage from the media 
characterised in that a line joining the points on the surface of the roller element which 
disengage from the media at successive moments in time, is inclined relative to the 
direction of media advance. 

10 The inclination of the line of disengagement ensures that lateral expansion of the paper is 
permitted while maintaining overall context with the paper. In addition, discontinuities 
in the contact are avoided. 


hi According to a fourth aspect of the present invention there is provided a roller element 

hp 

15 which is arranged to be mounted in a media-advancing device with its axis extending 


transversely of the direction of media advance characterised in that the roller element 
permits the media to move transversely while maintaining contact with the media. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Preferred embodiments of the present invention will now be described, by way of 
example only, with reference to the accompanying drawings, of which: 


Figure 1 is a cross-sectional view of the pinch system of a conventional printer or other 
25 hardcopy apparatus; 

Figure 2 is a front view of a roller element of the apparatus of Figure 1; 


30 


Figure 3 is a front view of a pinch system in accordance with a first embodiment of the 
present invention; 
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Figure 4 is a developed view of the surface of the roller element of the system of Figure 
3; 


Figure 5 is a front view of a roller element in accordance with a second embodiment of 
5 the present invention; 

Figure 6 is a developed view of the roller element of Figure 5; 

Figure 7 is a front view of a roller element in accordance with a third embodiment of the 
_ 10 present invention; and 

^ Figure 8 is a cross-sectional view of a pinch system incorporating the roller element of 

Figure 7. 

U 

: 15 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Referring to the drawings. Figure 1 shows the pinch system 10 of a prior art printer 
o comprising a cylindrical pinch wheel 11 which is mounted on an arm 12 biased by a 

spring (not shown) against a drive roller 13. Paper 15 or other print media is pinched as 
20 it passes between components 11 and 13 from left to right on its way to a printhead 16. 
In fact, in existing printers, up to ten pinch wheels 11 are independently mounted and 
spaced along the scan axis of the printer. Although element 11 is elongated along its axis 
in the form of a roller, it is still referred to in the art as a pinch wheel; the terms wheel 
and roller are used in interchangeable fashion in the present specification. 

25 

Because the entire surface 17 of pinch wheel 11 is uniformly and constantly in pressure 
contact with the underlying paper 15, the paper there cannot freely expand laterally (i.e. 
along the scan axis) in the presence of excess ink. Accordingly "bubbles" arise in the 
paper in the gaps between adjacent pinch wheels, and these bubbles produce the 
30 difficulties discussed in the introduction. 
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A preferred embodiment of the present invention will now be described with reference to 
. Figures 3 and 4 which show a pinch system 20 comprising a roller element in the form of 
a pinch wheel 21 engaged at each end by a respective drive roller ring 23. The pinch 
wheel has an axis 29. Instead of having a uniform cross-section along its length, the 
5 pinch wheel has a surface which is formed with a raised profile at regions 25 and 26. It 
will be noted that each region forms a continuous band around the circumference of the 
pinch wheel 21. The axial length of each band at all points is substantially constant, and 
the periphery of each band forms a gentle curve at its junctions with the adjacent non- 
raised regions 31-34. As shown, the surface of central region 28 is raised level with 
10 regions 25, 26; however, as will be seen from Figure 3 the actual level of region 28 is 

s 5 

2 not critical since it is not located directly opposite a part of the drive roller. 

s 

Ul Typically, a large format printer has ten pinch wheels 21 spaced at equal intervals along 

yj the scan direction, i.e. perpendicular to the direction of medium advance. 

H As paper or other print medium passes between pinch wheel 21 and drive roller rings 23, 

fU on its way to the printhead, the particular locations at which the paper is contacted by the 

01 

p pinch wheel are constantly changing and this moving contact allows the paper to 

^ accommodate the expansion caused by a large amount of ink by growing laterally when 

20 not pressed by the pinch wheel. Thus at successive moments in time, the parts of raised 
region 25 which are currently disengaging from, i.e. losing contact with, the media 15 
are points a, b, c, along its edge. The line joining points a, b, c, is inclined to the 
direction of media advance. 


25 The above-described arrangement has various advantages. In particular, by allowing the 
lateral expansion of the paper defects in the printing are avoided and print quality is 
maintained. The pinch wheels may be located extremely close to the printhead which 
leads to good control of the paper. The shape of bands 25, 26 ensures that the contact 
surface changes without discontinuities. This means that the contact does not suddenly 

30 jump in position, which can cause problems in the accuracy of paper advance movements 
and in print quality. The constancy of the axial length of the bands, and thus their total 
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contact area with the paper, also serves to maintain the accuracy of paper advance 
movements. The force applied by the pinch wheel to the paper is even and there is no 
tendency for the pinch wheel to rock from side to side. The areas of bands 25, 26 
relative to the adjacent lower regions are sufficiently large to avoid pinch marks on the 
print medium which can occur with relatively small contact surfaces due to excessive 
pressure. As shown, band 25 occupies approximately 60% of the total area of band 25 
plus adjacent regions 31 and 32. The same applies for band 26 and regions 33 and 34. 

Arrangements according to the present invention are particularly suitable for printers in 
which the pinch wheel system is the sole system for moving the print medium past the 
printhead, i.e. for printers with no overdrive rollers. 

In addition, such printers are frequently required by cost constraints to have a small wrap 
angle around the drive roller which necessitates an increase in pinch force in order to 
ensure no slippage of the paper i.e. good paper advance accuracy. In contrast to low 
pinch forces, which favour lateral paper expansion, a high pinch force can lead to bubble 
formation. An advantage of arrangements according to the present invention is that they 
allow lateral expansion of the paper whatever the pinch force and without adding to the 
cost of the printer. It should be noted that local expansion is permitted while bodily 
movement of the entire print medium is restricted. 

The ten pinch systems 20 of a single printer are independently mounted on separate 
spring arms. 

Various modifications may be made to the above-described arrangement. For example 
the raised regions 25, 26 may have a wide range of sizes and shapes. Regarding the 
developed view in Figure 4, the bands can be thinner or wider, they can have steeper or 
shallower sides, and/or they can extend over a shorter fraction of the end regions of the 
pinch wheel. Instead of a single bow in each band around the circumference, there can 
be two or more bows; moreover, the bows in each band do not need to be identical. 


# # 


yy 


60003207 US 


However, to maintain even forces, it is preferable that the band at the right-hand end is 
substantially identical to, or a mirror image of, the band at the left hand end. 

The area of each band 25, 26 relative to the total area of the band and its respective 
5 adjacent regions 31, 32 or 33, 34 respectively, may be within the range 30 to 90% and 
preferably 45 to 75%. 

Instead of being formed by a solid area, regions 25 and 26 may be formed by a series of 
closely-arranged ribs or a plurality of closely-arranged raised dots or pimples of circular 
10 or any other convenient shape. For all the above possibilities the regions 31 to 34 could 
be the raised regions, with regions 25 and 26 not being raised. 

The drive roller rings 23 can be replaced by a drive roller extending all the way along 
the pinch wheel, in which case the pinch wheel is modified so that profiled regions 25, 
15 26 extend along its entire length. 

The raised profile of the pinch wheel may have other shapes. For example in a second 
embodiment of the invention. Figures 5 and 6, a pinch wheel 41 has raised regions 45, 
46 which form a respective helical band at each end. It will be noted that each band has 
20 a discontinuity 42 at which it jumps from one end back to the other as the wheel 41 
rotates. Although there are gaps 47 at the ends and between the end regions and the 
central region 48, these do not affect the paper drive, since the drive roller rings are not 
located opposite the gaps. The pinch wheel 41 has an axis 49. 

25 The second embodiment has the advantages of preventing bubble formation and of having 
substantially the same area of surface in contact with the paper at all times. It is also 
cheap to manufacture. However, the discontinuities 42 can adversely affect print quality 
and the pinch wheel 41 has a tendency to rock as it rotates. 

30 The modifications mentioned in connection with the first embodiment may also be made 
to the second embodiment. For example, the helices may be thinner or thicker, they may 
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be more or less than one turn at each end of the pinch wheel, and the helices may be of 
the same hand, although this has a tendency to introduce an unwanted lateral force when 
the paper is advanced. 


5 As shown, the discontinuities 42 are 180° out of phase with each other; in modifications 
they can be aligned, or have any intermediate relative disposition. 

Where the entire surface of the pinch wheel 41 is engaged by a drive roller, a single 
helix may be provided along its entire length. A disadvantage of this arrangement, 
10 however, is that it also has a tendency to move the paper laterally as it advances; this can 
5 be overcome by changing the hand of the helix at the centre of the pinch wheel, but this 
introduces a further unwanted discontinuity. 

m 

g J In accordance with a third embodiment of the present invention. Figures 7 and 8, a pinch 

^15 system 50 includes a roller element in the form of a pinch member 51 comprising two 
□ rows of steel ball bearings 52 mounted inside a holder 53. The pinch member has an 

P^J axis 59. The rows have gaps 54 in the centre where there is no opposed drive roller ring 

5? 55. The balls are held so that they can move slightly along the row. Thus, in use there 

O 

H is a contact surface area in contact with the paper, but each ball can move from side to 

20 side to allow the underlying paper to expand laterally and to avoid the formation of 
bubbles. In addition to the lateral movement of the balls, rotation of the balls in the 
same direction, ie about an axis parallel to the direction of paper advance, also allows the 
paper to expand. Thus, when lateral expansion of the paper is occurring the balls 52 are 
not rotating about an axis parallel to 59 but about an axis inclined thereto. Accordingly, 
25 an imaginary line connecting the points on a ball where it successively contacts and then 
disengages from the media, would be inclined relative to the direction of media advance. 


The pinch member 51 is less suitable for high pinch forces, since the relatively small 
contact area of each ball can leave marks on the paper. The effects of this can be 
30 redeemed by using a softer material for balls 52, e.g. a suitable plastics material or 
rubber. 


60003207 US 9 


The balls in each row can be arranged in sub-groups. 


Only a single row of balls may be provided, but this increases the contact pressure and 
the tendency to leave marks on the paper. The balls can be arranged in three or more 
rows or in two-dimensional arrays, but the contact becomes less even. The balls may be 
mounted with no lateral play, in which case expansion of the paper is taken up entirely 
by rotation of the balls in the same direction. 

Although described in connection with pinch wheels, the roller elements in accordance 
with the invention may constitute an overdrive roller or any other roller device of the 
drive system of hardcopy apparatus. 


